Background: While innovations in medicine, science and technology have resulted in improved health and quality of life for many people, the benefits of modern medicine continue to elude millions of people in many parts of the world. To assess the potential of genomics to address health needs in EMR, the World Health Organization's Eastern Mediterranean Regional Office and the University of Toronto Joint Centre for Bioethics jointly organized a Genomics and Public Health Policy Executive Course, held September 20 th -23 rd , 2003, in Muscat, Oman. The 4-day course was sponsored by WHO-EMRO with additional support from the Canadian Program in Genomics and Global Health. The overall objective of the course was to collectively explore how to best harness genomics to improve health in the region. This article presents the course findings and recommendations for genomics policy in EMR.
-raise biotechnology awareness -encourage teaching and training of biotechnology -devise integration of biotechnology within national health systems.
Conclusion:
The recommendations provide the basis for a road map for EMR to take steps to harness biotechnology for better and more equitable health. As a result of these recommendations, health ministers from the region, at the 50th Regional Committee Meeting held in October 2003, have urged Member States to establish national bodies of biotechnology to formulate a strategic vision for developing biotechnology in the service of the region's health. These efforts promise to raise the profile of genomics in EMR and increase regional cooperation in this exciting new field.
Background
In a recent study, University of Toronto researchers identified the "Top 10 Biotechnologies to Improve Health in Developing Countries" [1] . The study underscores the importance of harnessing new technologies to improve global health and development, a belief that is gaining widespread acceptance. For instance, the overall goal of the United Nations Millennium Project's Science and Technology Task Force is to address how science and technology can be leveraged to help countries achieve the Millennium Development Goals (MDGs) [2] . Its mission is guided by the understanding that most of the MDGs cannot be reached without a strong contribution from science and technology. The potential contribution of genomics and biotechnology to these goals has also been demonstrated [3] . However, these technologies are most beneficial to countries that have the scientific capacity to absorb and use them. The aim of the Inter-Academy Council on Science and Technology Capacity (IAC) was to develop a global strategy for promoting capacities in science and technology and the first report of the Council was recently presented to UN Secretary General Kofi Annan [4] .
There is a wide range of scientific capacity and health system development across the Eastern Mediterranean Region (EMR) [5] , which consists of 21 countries. Some countries in the region have taken the initiative in biotechnology by establishing regulations and encouraging private sector involvement. In other countries of the region, there is a serious lack of scientific capacity not only to conduct research and development in biotechnology but even to absorb the benefits of biotechnology and apply them to help meet the health and socio-economic needs of the population [6] . According to UNDP's Arab Human Development Report 2003, research and development in the Arab world represents less than 0.2% of Gross National Product (GNP). Fewer than one in 20 Arab university students were pursuing scientific disciplines, compared, for instance, to one in five in South Korea [7] . There is a risk that, as the genomics revolution gathers momentum, the imminent genomics divide between developed and developing countries will increase unless urgent action is taken to reverse the trend [8] .
In order to assess the potential of genomics to address health needs in the Region, the World Health Organization-Eastern Mediterranean Regional Office (WHO-EMRO) and the University of Toronto Joint Centre for Bioethics jointly organized a Genomics and Public Health Policy Executive Course, held September 20 th -23 rd , 2003, in Muscat, Oman. This 4-day course/workshop was sponsored by WHO-EMRO with additional support from the Canadian Program in Genomics and Global Health.
The overall objective of the Genomics Policy Executive Course was to familiarize participants with the potential of genomics and related biotechnologies to address health needs and to collectively address the question of how best to harness genomics to improve health in the region (table 1) .
Methods
We based the program and designed the sessions and lecture topics of this course on prior courses held in Nairobi, Kenya To familiarize participants with the current status and implications of health genomics/biotechnology, and to provide information relevant to public policy on health genomics/biotechnology To provide frameworks for analyzing and debating the policy issues and related ethical questions in health genomics/biotechnology, and to help understand, anticipate and possibly influence the legal and regulatory frameworks under which health biotechnology industries will operate, both nationally and internationally To begin developing an opinion-leaders network across different sectors (industry, academic, government, NGOs) by sharing perspectives and building relationship To formulate recommendations for future policy and strategic directions at the regional, national and individual levels.
course participants and facilitators for each session were identified through a combination of recommendations from field experts in the region and from WHO's network of experts. People identified to participate in the course included scientists from academic institutions and industry, industry executives, regulatory officials, representa- tives from the legal sector, and media. The participants were carefully chosen in an attempt to represent a wide range of interests relevant to the emerging area of genomics and to have geographical, discipline and gender balance. They included scientists from academic institutions and industry, industry executives, legal and regulatory officials, WHO representatives and the media. In total there were 51 participants, from 13 countries of EMR. We drew as many of the faculty as possible from the region.
The sessions dealt with a wide range of relevant topics, starting with recent scientific advances in genomics and stem cell research, followed by discussions on business models in genomics and biotechnology, intellectual property rights and regulatory frameworks, public engagement and an internet-based opinion leaders' network. The presentations were designed to be interactive and foster active discussion from, and among, the participants, and each presentation was followed by a moderated discussion period. Early in the course, the attendees were placed into one of five study groups -these groups were carefully designed to capitalize on the diverse backgrounds of the participants. Each group was assigned the task to on the deliberate the key question "How best to harness genomics and biotechnology to improve the health of the people in the Eastern Mediterranean Region?" The groups met frequently to discuss the presentations, and each participant was also provided a course reader with additional literature on the lecture topics (table 3) . The overall task of these study groups was to draw upon the course material and their own experiences and propose a set of recommendations for genomics and biotechnology policy in the region. On the last day of the meeting each group presented these recommendations.
In order to assess the level of interest in the formation of an email-based opinion leaders' network to continue dis- cussion among the participants following the course, a brief survey was conducted on the participants' internet access and their expectations of the network.
Results
Dr Peter A. Singer, Director of the University of Toronto Joint Centre for Bioethics, described the overall aim of the course "How to best harness genomics to improve health in the region", as well as the 4-day program. Dr Ali Jaffer Suleiman of the Ministry of Health in Oman acted as chairperson of the meeting.
Professor Riad Bayoumi of Sultan Qaboos University highlighted new scientific developments that have resulted from the genomics revolution, such as proteomics; mapping of single nucleotide polymorphisms (SNPs) to understand human genetic variation and its relationship with disease; gene expression chips to monitor differential gene expression and identify drug targets; and bioinformatics as a new field that combines biology, mathematics, statistics and computer programming to mine large-scale biological data.
Professor Alexander Capron, Director, Department of Ethics, Trade and Human Rights at WHO, described the 2002 report of the World Health Organization "Genomics and World Health" [9] . He called attention to the recommendations from the report -these include improving technical cooperation between WHO and its member states (e.g. assessing the health impacts of genomics research to support informed priority setting; capacity building for genomics research and biotechnology in developing countries; development of ethical review structures and bioethics capacity).
Professor Abdallah Daar described a recent study, conducted by the University of Toronto Joint Centre for Bioethics' Canadian Program on Genomics and Global Health, to identify the ten most promising biotechnologies for improving health in developing countries in the next five to ten years. These technologies offer guidance to those who can influence the direction of R&D in developing countries and challenge common assumptions about the relevance of biotechnology for these countries, as shown by the mapping of the Top 10 Biotechnologies onto the UN Millennium Development Goals [10] . However, to foster biotechnology in developing countries it is essential to build capacity (among researchers, politicians, legislators, entrepreneurs, etc).
Professor Dr Jayasuriya, Director of UNAIDS in Pakistan described ways in which legal systems can facilitate best use of biotechnology. It is essential that legal reform keep up with the rapidly evolving science of genomics. Health law can facilitate best use of biotechnology -by providing for fasttrack approval of biotechnology products; reducing import duties on health interventions; and allowing multiple channels of procurement and distribution to improve access and optimize prices.
Dr Anwar Nasim, Chairman of Pakistan's National Council of Biotechnology, described the role of regulations both to promote useful biotechnologies and limit their risks for human health and the environment. A nationallevel regulatory body could provide guidelines for the use and release of biotechnology products, conduct biosafety reviews and risk assessments and formulate feedback mechanisms to improve the system through experience. The National Commission of Biotechnology of Pakistan, established in November 2001, focuses on biotechnology regulatory issues in health, agriculture, environment and industry. Similar commissions could be set up in other countries of the region and their interaction could further regional cooperation in biotechnology.
Mr. Ehsan Masood of Scidev.net pointed out that active public engagement based upon knowledge can stimulate action to improve public health. Public engagement is far greater in today's world than it has ever been in the past. This is because of several factors including; a) the growing implications of research on public health, b) the increased awareness in civil societies to invest in health care and research, and to influence policy change and action, c) development and access of information technologies.
On the last day of the course the five participant groups, who had been assigned the task to on the deliberate the key question "How best to harness genomics and biotechnology to improve the health of the people in the Eastern Mediterranean Region?", were invited to present their findings. The main points of these group presentations are summarized in the recommendations that emerged from the course.
Discussion
The session discussions and group presentations underscored the urgent need for action to create the enabling environments (at regional, national and individual levels) for research and development in genomics and biotechnology.
The issue of awareness of biotechnology among political leaders to garner support at the highest level was raised early on in the course, and was reinforced throughout the course discussions. The participants felt strongly that political commitment is crucial to the advancement of biotechnology in the region. Political leadership is a critical factor in raising the profile of science in developing countries. A prominent example in the Eastern-Mediterranean Region is that of the Sultan Bin Mohammed Al-Qassimi, Shaikh of the Arab emirate of Sharjah. He has made a dedicated effort to change the face of science in the Gulf [17] . For example, in an attempt to attract Arab scientists working abroad to return to work in the Gulf, and more specifically to Sharjah, he has built two universities, six museums and established a science foundation in just a decade. He is also actively engaged in creating an environment of regional cooperation.
The course attendees recommended that WHO-EMRO should take the responsibility to engage political leaders in the region's national governments. The participants shared experiences of the importance of government support for biotechnology -in Egypt there appears to be relatively strong support for biotechnology by the government, with biotechnology activity in academic and other research institutions as well as in the private sector. In Iran, considerable advances have been made in private and academic research centres, leading to a number of biotechnology products that are soon to reach the market, as well as well-respected scientific journals such as the Iranian Journal of Biotechnology [18] . Other countries such as Pakistan, Tunisia, Lebanon, and Morocco are making steady gains in biotechnology, some in conjunction with their powerful public health sectors and others as a result of their strong scientific bases.
It will also be crucial to involve, inform and engage religious leaders in the region in order to promote genomics and biotechnology for improving public health. In doing so, it is worthwhile to note that Islam and science have always been aligned through history and it is well-established that Islam has historically contributed tremendous achievements to the advancement of science. [19] A recent article argues that the Muslim world has neglected to pay attention to contemporary ethical issues in science and technology [20] . The author calls for the establishment of an independent Islamic bioethics panel to advise Islamic governments and communities. Other measures, such as training Muslim bioethicists, incorporating biomedical issues into school curricula and educating the community about such issues are also recommended.
The active participation and involvement of organizations like COMSTECH was recommended to give support and guidance to WHO-EMRO's efforts. COMSTECH was established by the Islamic Summit in 1981 and includes among its objectives the building of indigenous capabilities in the fields of science and technology, promotion and continuing cooperation and coordination in scientific and technological areas of is member states and creation of effective institutional structure for planning research, development and monitoring of scientific and technological activities. COMSTECH has already launched networks across the region for exchange of information, and has valuable experience in the promotion of cooperation and coordination amongst the member states in science and technology activities in high technology areas [21] .
A major discussion point at the workshop was the effective assessment of existing capacity in the region. Several participants shared disappointment over the relative lack of participation of the region in global science and tech-nology advances, citing, for instance, poor representation of the region at international scientific conferences. Many felt the need to evaluate and assess the level of scientific activity and capacity in individual countries in the region, in order to identify, among other things, strengths and weaknesses, entry points for countries, opportunities for regional collaboration, and areas for improvement. The workshop attendees felt it important to carry out this type of survey of each country's innovation system as a prerequisite to revising and revamping national and regional genomics policy. The factors identified by the participants as important for assessment in this survey -scientific capacity within public and private sector, private enterprise, religious and political leadership and intellectual property rights -can be considered to be part of the National System of Innovation (NSI). This proposed survey of NSI in the region can help to identify factors for successful growth of biotechnology sectors. Similarly, the recently completed study by the Canadian Program on Genomics and Global Health of the health biotechnology innovation systems of Brazil, China, Cuba, Egypt, India, South Africa and South Korea may also help to identify some of these factors [22] . Workshop participants from Egypt, Iran, Lebanon, Pakistan, and Tunisia contributed to the discussion of NSI with descriptions of components of their countries' biotechnology innovation systems. In Egypt, there is increased recognition of the importance of intellectual property rights in fostering innovation. The Minister of Health has taken a keen interest in improving linkages between sectors to enhance inter-sectoral communication. The president himself was instrumental in the establishment of the Mubarak City for Scientific Research and Technology (MCSRT), which is currently engaging in collaborative projects with the United States and with China. Private sector development is of high priority, as indicated by government support of companies such as Vacsera, which is now making recombinant insulin in Egypt [23] . One successful story from Egypt is the development by scientists at the Agricultural Genetic Engineering Research Institute in Giza of a powerful bio-pesticide based on a new strain of Bacillus thuringiensis [24] . In Iran, the trade embargo has led to a shortage of funds, but has in some ways helped to strengthen the innovation system through the need for self-reliance. Iran and Cuba have reached an agreement for cooperation and transfer of technology to produce hepatitis-B vaccine, interferon-α, streptokinase, and erythropoietin. Iran has developed several products based on recombinant DNA technology, and the country is also actively building research collaboration networks. Pakistan has had some successes in agricultural biotechnology and made some advances in bioethics. Although there are powerful institutes in place, the country needs to continue to strengthen facilities, resources and human capital. There is a need to bring products to the public. Lebanon has a well-developed healthcare industry, and has developed expertise in genetic testing, bioethics as well as intellectual property rights. Tunisia has strong research infrastructure and has made advances in genetic counseling, cytogenetics, and diagnosis of genetic diseases, along with regulation and legislation. However the pharmaceutical industry is not able to optimize the potential of public sector research, for which regional cooperation would be valuable. As highlighted by the 2004 report of the UN Commission on Private Sector and Development report [25] , the process of commercialization for development involves the dissemination and facilitation of knowledge flows between public and private sectors of both developed and developing markets. The report recommends action in both the public and private spheres, and emphasizes the linkages between these spheres, recognizing the importance of cooperation and partnerships to achieve goals. With stronger public-private linkages, the private sector in developing countries will be able to help provide new genomics-based technologies at affordable prices. Given that over the last few decades, market forces have driven the R&D agenda of pharmaceutical companies based in the North to de-emphasize the health concerns of developing countries, it is becoming increasingly important to develop indigenous capacity in private enterprise. The successes of biotechnology firms in developing countries such as India and Egypt were seen as a source of inspiration by the course attendees.
The attendees observed that the key to effective participation in the genomics revolution is building scientific capacity, and expressed serious concern over the region's limited capacity to absorb and utilize genomics and biotechnology. Critical to capacity-building is access not just to technology but, more importantly, to scientific knowledge. One point-of-entry that was greeted with enthusiasm by the participants was bioinformatics, which is typically less-resource intensive compared with other genomics-related sciences, such as sequencing and proteomics. According to the report on the "Top 10 technologies to improve health in developing countries" countries of EMR can take advantage of genomic data and apply the power of bioinformatics to local health problems without having to invest heavily in the technologies used to produce them, A dedicated Genomics and Health Research Fund for the region may help to break down financial barriers to encourage scientific research and development in the region.
The participants expressed enthusiasm for setting up National Biotechnology Commissions to address genomics policies at the national level and to contribute to the development of the above-mentioned national biotechnology strategy. A National Commission on Biotechnology (NCB) has been set up in Pakistan. The overall goal would be to help devise regulations to facilitate innovation in biotechnology. The NCB could help coordinate national biotechnology activities and policy, with activities including evaluation of biotechnology capacity (see above) to priority setting and public engagement. Accordingly, the NCB should have broad cross-sectoral representation in order to minimize the negative effects of interinstitutional rivalry. One of the main goals of the NCB (or equivalent national agency), following the above-mentioned national biotechnology survey, will be to help develop and adopt a national biotechnology strategy, perhaps as part of a long-term science and technology policy. Other important objectives are discussed below.
At the outset of the conference, participants voiced their concern about the low level of awareness (which goes beyond just public awareness) of biotechnology and genomics in the region, and that this lack of awareness may be the biggest barrier to advances in genomics. Public awareness and engagement can help change the pace of research, leading to increased opportunities for greater societal involvement for improved health care. Media can be used as a catalyst to raise community awareness for social beneficence, equity and justice in health care. Recently, in May 2004, science journalists from across the region met in Cairo to discuss the hurdles they face in science reporting. The hurdles identified at this meeting included bureaucracy and poor access to scientific research taking place in the region [26] . The meeting concluded with the creation of a provisional network of Arab science journalists that will aim to provide its members with training, skills and contacts, as well as promote the coverage of scientific issues from a development perspective. Similarly, public health specialists and scientists should also be encouraged to engage actively disseminate evidence based and correct information in disease prevention and control through media.
While it was agreed that science should be permitted to march forward, the participants emphasized that ethics, regulations and laws must keep up with the science [27] . For example, an important focus area of the NCB is that of intellectual property rights. The participants agreed that developing countries must build capacity and knowledge to choose the best policy options to benefit from the international patent regime. Compulsory licensing under specific circumstances may be a good option for developing countries and national laws should permit compulsory licensing [28] . The forces of globalization must balance forces of protectionism, especially by the developed world, and both national and regional regimes should respect international patent law to take advantage of globalization. If developing countries are involved in international research collaborations, they should ensure that they obtain patents. In view of this, it is essential for developing countries to build capacity and training in patent law and learn how to formulate effective patents, and the NCB could play a key role in this effort.
Regional cooperation in science was given a boost this year, with the establishment of a network of science academies of the Organisation of Islamic Conference [29] at a meeting organized by the Third World Academy of Sciences. This formal network aims to provide the partner states with mutual support and supports discussion of the scientific aspects of common problems. It could help to build a unified approach to capacity building in science and technology within member states.
Health advances in developing countries have lagged behind those in the developed world. The rapid advance in genomics research in developed countries compared with the relatively slow progress of genomics R&D in developing countries threatens to create a North-South genomics divide in the coming years, which may enhance existing health inequities. With the appropriate emphasis on its health needs, incentives for public-private R&D partnerships, and a sound set of regulatory policies, the Eastern Mediterranean Region may well reap the benefits of genomics and biotechnology. The overall goal of the Genome Policy Executive Course, a WHO-University of Toronto initiative, was to help provide the impetus for cross-sectoral dialogue on genomics and health policy in the region. The internet-based opinion leaders' network is expected to foster dialogue to help achieve the objectives outlined by the participants of the course.
The participants and the organizers of the course felt strongly that the recommendations formulated at the course must be shepherded by individuals. People felt that progress could be achieved if individuals make a significant and concerted effort to ensure that these recommendations are fulfilled.
One way to spur action and maintain the momentum generated by this course is by coordinating the participants into a network within which they can continue to interact and share information and experiences. This internet-based network will be moderated in order to streamline discussions. A number of short-term projects are envisioned that could be coordinated by various expert members of the network. The results of the survey (table 4) administered to the participants during the course suggested that 80% of them had reliable access to internet and would be willing to spend 1-2 hours a week taking part in the discussion. The main objectives of the network, as identified by the participants in the survey, would be dissemination of information, exchange of ideas, maintaining inter-connectivity, consensus building Obstacles to participation • 47 (92%) identified lack of time due to professional responsibilities • 98% of those with connectivity willing to dedicate 1 hour a week to the network • 3 people identified lack of connectivity as a barrier Recommendations for the Eastern Mediterranean Regional Office The workshop recommends that the Regional Director EMRO may be requested to address the governments at the highest level for actively considering the proposals of this workshop and for giving priority attention to genomics for health and health biotechnology. The political leadership may be provided effective advocacy material, with special reference to its link with poverty alleviation, public health objectives, and need for transfer (and internalization) of technology. EMRO and Organization of the Islamic Conference Standing Committee for Science and Technology (COMSTECH), and possibly other groups should provide coordination and networking among national biotechnology bodies (see below) and coordinators to exchange information, expertise, training, and Regional cooperation in production and utilization of health biotechnology. EMRO, in collaboration with member states and their national biotechnology bodies, should coordinate a national survey/inventory/situation analysis/needs assessment of health biotechnology innovation systems, including scientific and management capacity, government policies, legislation and regulations, intellectual property policies, private sector activity, and strengths/weaknesses, opportunities and threats. EMRO, in collaboration with COMSTECH and member states, should develop a proposal/feasibility study for a Regional Genomics and Health Research Fund emphasizing both peer-reviewed research and capacity strengthening. Recommendations for Member States Each member state should create an effective National Commission on Genomics, Biotechnology and Health, if this function has not otherwise been established, including a coordinator who will serve as the focal point for this activity. The membership should be multisectoral and include youth, women, and civil society. The focus should include ethical issues. Based on evidence from the national survey described above, governments of member states should develop and adopt, at the highest level, a national biotechnology strategy.
The National Commission on Biotechnology should develop programs of public awareness and engagement. Important "publics" here include media and religious leaders as well as the public at large. The discussion should include ethical issues.
The National Commission on Biotechnology should encourage academic institutions including schools and universities, to include health biotechnology topics within their curricula and create specialized programs and degrees where appropriate. There should be particular emphasis on ICT and bioinformatics. The National Commission on Biotechnology, in collaboration with the relevant ministries, should develop a plan to integrate genetic and genomics products (including diagnostics, vaccines, therapies, and other genomic priorities), within the health system and public health programs. The emphasis should be on accessibility and equity to improve the health of the poor. Recommendations for Individuals There is a need for strong personal commitment to strengthen the initiative on genomics and biotechnology to improve health and well-being of people in the EMRO Region. Workshop participants, as well as other concerned individuals, should are therefore encouraged to actively engage in the implementation of these recommendations.
through wide participation, and influencing policy and media. The network is now established and is being used by the participants to exchange information.
Conclusions
The meeting concluded with a set of recommendations for the EMRO and Member States (table 5) [30]. The recommendations were developed through consensus among the participants. The process of consensus development involved the following steps: (i) the recommendations were drafted based on the group presentations, (ii) any recommendations which the participants did not support were deleted (iii) recommendations that were missing but deemed to be important were added (iv) the final list was scrutinized to sharpen language and consolidate points where possible. The participants agreed that each member state would benefit from creating effective National Commissions on Biotechnology (NCB) to develop national biotechnology strategies. NCB should; a) develop national priorities, programmes and guidelines aimed at raising public education and awareness and b) collaborate with civil sectors to develop plans to integrate genetic and genomic products (including diagnostics, vaccines, therapies and other genomic priorities within the health systems and public health programmes and c) build capacities for utilization and access of health biotechnology to the needy and e) ensure ethical safeguards against unwanted harm and exploitation and improve equity to improve health of the poor. The participants also felt that there was a need for strong personal commitment at individual level by experts and key actors to engage actively in the implementation of the recommendations to strengthen the initiative on genomics and biotechnology to improve the health and well-being of people in EMR. Recently, a paper on harnessing genomics and biotechnology for public health was presented at the EM 28th Regional Consultative Committee Meeting (RCC) held in Cairo in April of this year. The recommendations in the paper were derived from those developed at the workshop. The paper will be presented at this year's Regional Committee Meeting to be held in October 2004.
